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INTRODUCTION 
Many of the relationships between biological structure 
and function have been elucidated through the study of cel­
lular ultrastructure. The study of the nuclear elements of 
the cell with the electron microscope, however, has not met 
with the same success as that afforded other cellular com­
ponents o Perhaps there are two reasons for this : first, the 
complexity of the three dimensional organization of the cell 
nucleus is difficult to resolve by the study of thin sections 
alone (Ris, 1962), and secondly, there is a lack of specific 
fixation and staining techniques for elucidating the DNA-
containing components of chromatin. It is the latter cate­
gory with which this research is concerned. 
Unlike conventional optical systems, image formation in 
the electron microscope requires the scatter of electrons. 
The natural density of biological preparations will induce 
some electron scatter. If a photographic image is to be 
produced, however, the product of the thickness (in A units) 
and the weight density (g. cm~^) must be at least 100 
(Valentine and Home, 1962). Biological specimens have a 
weight density of about 1. Therefore, it would be difficult 
to resolve any structure less than 100 A in size without the 
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addition of a reagent which would increase contrast. Such 
reagents are known as "electron stains". They may bond with 
a particular substrate and increase its weight density as in 
"positive-staining" or surround the substrate with an elec­
tron dense material as in "negative-staining". If a positive-
staining reagent is to be used in a specific manner, its 
reaction with the desired substrate should be understood. 
Also, its reaction with components other than those of the 
desired substrate must be defined and minimized. 
Osmium tetroxide, along with being a very useful general 
fixative, also has staining properties. Such staining, how­
ever, is of a general nature and suggests that osmium com­
bines with a variety of compounds in the cell. In addition 
to inducing an over-all increase in contrast in many cel­
lular constituents, osmium often tends to mask some fine 
structural detail. Such is especially true with interphase 
chromatin and chromosomes. 
One of the widely used methods for staining nucleic 
acids employs uranyl acetate as a staining reagent (Huxley 
and Zubay, 1961). Although there is little doubt that 
uranyl ions stain nucleoprotein, other proteinaceous struc­
tures are also known to be stained with the reagent 
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(Marinozzi, 1963). Therefore, even though the reaction has 
some specificity for chromatin, the degree of specificity 
does not allow one to localize the DNA alone. Also, the 
way in which the uranyl ions combine with substrates in the 
cell remains unknown. 
Indium chloride has been used with a certain degree of 
success as a stain for nucleic acids. Watson and Aldridge 
(1961) have devised a rather complex procedure involving the 
acetylation of all groups which react with indium ions except 
the carboxyl group of nucleic acids. Although this method 
has not yet received universal acclaim, Coleman and Moses 
(1963) have used it effectively in studying the fine struc­
ture of the synaptinemal complex. This procedure represents 
an important step in the direction of understanding the 
chemistry of fine structural staining reactions. 
More recently, Albersheim and Killias (1963) have intro­
duced a method employing bismuth as a staining reagent for 
nucleic acids. Again, the procedure is limited at the 
present time because of a lack of knowledge concerning its 
reaction with cellular chromatin. 
One of the most useful DNA-specific staining methods for 
light microscope preparations is the classical Feulgen reac­
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tion. This method requires the fixation of tissues with a 
reagent such as formalin, acetic-acid alcohol or any other 
which preserves the DNA/ Following fixation, the tissues are 
hydrolyzed for a time in warm IN HCl which removes the purine 
bases from the deoxyribose moieties of the DNA leaving free 
aldehydes at the 1' carbon positions (Kasten, 1960). When 
the hydrolyzed tissues are placed in a colorless staining 
reagent containing leucobasic fuchsin the latter forms a 
Schiff's base with the free aldehydes of both deoxyribose-
phosphate strands of the double helix of DNA. Such combina­
tion restores the quinonoid group resulting in the production 
of a colored complex which absorbs light in the visible range 
of the spectrum, thus allowing the localization of DNA with 
the light microscope. Such light absorbing complexes, how­
ever, are not suitable as electron stains since they are not 
electron dense and do not scatter electrons in a manner suf­
ficient to produce an image in the electron microscope. 
The following study was an attempt to develop a true 
Feulgen-type reaction suitable for use at the electron 
microscope level by substituting an electron-dense, silver-
ion complex for the lucobasic fuchsin of the standard 
Feu1gen reagent. An attempt has also been made to illustrate 
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the specificity of the technique for DNA and to apply it, 
as developed, to the study of chromatin patterns in several 
cell types. 
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REVIEW OF THE LITERATURE 
The literature reviewed for the present study included 
both that which pertained to chromosome fine structure as 
seen with the electron microscope and that which pertained 
to the use of ionic silver as a cytological staining reagent 
for aldehydes. The major emphasis of this study was to 
report on the development and application of a DNA-specific 
silver staining reaction for the electron microscope. There­
fore, a review of the literature pertaining directly to the 
use of silver in cytochemical staining would, perhaps, be 
more meaningful. Pertinent references concerning chromosome 
structure are included, where applicable, in the results and 
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discussion section. 
There have been numerous attempts to employ the use of 
ammoniacal silver solutions as a specific cytochemical test 
for aldehydes at the light microscope level. Perhaps this 
has been due to various reports by organic chemists that 
silver ion complexes present in ammoniacal silver solutions 
are reduced to free silver in the presence of aldehydes 
(Karrer, 1950, Fieser and Fieser, 1950). 
Feulgen and Voit (1924) inhibited the classical Feulgen 
reaction for DNA by subjecting hydrolyzed tissues to an 
7 
ammoniacal silver solution prior to staining. Their evidence 
suggested that the Schiff's reaction was blocked by the 
presence of silver metal at the site of the free aldehyde. 
Mitchell and Wislocki (1944) were the first to use 
ammoniacal silver for cytochemical staining of aldehydes. 
By oxidizing the 1-2 glycol groups of glycogen to free 
aldehydes with potassium permanganate prior to staining, 
they demonstrated a positive silver reaction with an oxalic 
acid-silver nitrate solution. Their procedure required the 
subsequent reduction of the silver ions with formalin follow­
ing the staining period. Gomori (1946) strongly criticized 
the method of Mitchell and Wislocki and claimed that their 
procedure was not selective because the pretreatment with 
potassium permanganate was insufficient to liberate free 
aldehydes. He also claimed that the use of formalin as a 
post-reducing agent caused the deposition of silver oxide 
throughout the cell. Gomori introduced a different technique 
for the specific silver staining of glycogen. By oxidizing 
with chromic acid prior to staining with a hexamine-silver 
nitrate complex, he was able to show a more selective method 
for glycogen. He reported, however, that polyphenols, 
ascorbic acid and uric acid, also gave a positive reaction 
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with the reagent. 
Following Gomori1 s work, the question of the specificity 
of the silver reaction for aldehydes became important. 
Lillie (1954) found that many cell components and products 
exhibited a positive silver reaction even after tissues were 
treated with aldehyde blocking agents. His research, how­
ever, produced no conclusive evidence against the aldehyde 
nature of the silver reaction; rather it supported the state­
ment by Gomori that tissue components other than those con­
taining known chemically induced aldehydes are capable of 
reducing silver ions to free silver. 
The first attempt to utilize ammoniacal silver as an 
electron stain for the study of chromatin ultrastructure was 
made by Bretschneider (1949). He attempted to obtain a 
"silver-Feulgen" reaction for the electron microscope by 
staining hydrolyzed bull sperm in an alkaline silver solution. 
Bull sperms were fixed in a mixture of alcohol and mercuric 
chloride and treated with a 1% dimedone solution to block 
the cytoplasmic aldehydes. The cells were then hydrolyzed 
for 12 minutes in IN HCL at 55°C and impregnated for 24 hours 
at 40°C with a solution made by adding a few drops of 8% 
NH^OH to an 87c, solution of AgNOg. His electron micrographs 
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showed numerous large 35 to 260 mjj silver particles dispersed 
throughout the sperm head. The large size of these silver 
particles would surely have obscured any fine structural 
detail which might have otherwise been evident in these 
preparations. However, not having had any conception of the 
size and arrangement of DNA components of the nucleus, 
Bretschneider interpreted this staining pattern as evidence 
for the existence of "parts of chromosomes" in the sperm head. 
Van Winkle _et aj.. (1952) used a slight modification of 
the Bretschneider technique in an attempt to study the struc­
ture of isolated avian and mammalian chromosomes with the 
electron microscope. These authors stated that higher con­
centrations of NH^OH as used by Bretschneider caused a greater 
accumulation of silver oxide in the tissues. They used 10% 
AgNOg and less NH^OH to obtain a silver solution with a pH 
of 10 which they felt gave a better stain. Following the 
staining procedure, they were able to observe the alignment 
of numerous 180 mjj silver particles along a so called "basic 
tubule" 50-200mjj. in diameter. 
Bradfield (1954 a,b) attempted to demonstrate the DNA 
components of bacteria with the electron microscope by 
staining formalin fixed, hydrolyzed bacteria with ammoniacal 
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silver solution prior to embedding. In an attempt to demon­
strate the true Feulgen nature of his reaction, he used as 
controls, unhydrolyzed, silver stained bacteria. Only a few 
random silver particles were seen in the controls. The 
silver particles in Bradfield's photomicrographs measure 
between 150-300A and are somewhat smaller than those of 
previous studies. The size of these particles was still much 
too large to be effective in enhancing the contrast in fine 
chromatin fibrils. 
The relative crudeness of these early electron micro­
scope preparations and the large size of the silver precipi­
tate may be partially explained on the basis of the poorly 
developed methods of specimen preparation characteristic of 
this early period. Perhaps the very large size of the silver 
particles could be due to the clumping and shrinkage of the 
DNA-containing components. Such shrinkage could possibly 
distort the normal purine distribution causing a localized 
aggregation of numerous aldehyde groups and thus large 
aggregations of silver grains. The low resolving power of 
early electron microscopes may also have been a factor in 
this aspect. As these early methods are reviewed, it 
becomes obvious that a paucity of attention was given to the 
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involvement of the staining reagent with the fixation fluids, 
embedding media and possible side reactions which would lead 
to the staining of cellular components other than DNA. 
In a serious, but somewhat futile effort, Jurand _et al. 
(1958) attempted to refine the Bretschneider staining pro­
cedure for use at the electron microscope level. Using 
Paramecium aurelia and several tissues from the mouse, they 
hydrolyzed and stained tissues immediately following fixation 
in buffered osmium tetroxide and prior to embedding in 
methacrylate. Their staining solution consisted of 1.5% 
aqueous hexamethylenetetramine containing 0.25% silver 
nitrate, buffered with boric buffer at pH 8.3; their photo­
micrographs revealed extensive damage to the cytoplasmic 
components. Although numerous silver granules were evident 
in the nucleus of hydrolyzed tissue, these were again quite 
large and seemed to follow no pattern of organization as 
might be expected for the DNA components. Also, a consider­
able amount of extranuclear silver deposition was evident in 
the rather^poorly preserved cytoplasm. 
One of the most successful attempts to employ the use 
of silver ions as an electron stain was made by Marinozzi 
(1961). His procedure was, however, not intended to be a 
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Feulgen-type DNA-specific staining method since it did not 
include hydrolysis before staining. It was developed as a 
general "silver impregnation" method for enhancing the con­
trast throughout the cell. The importance of his work to the 
present investigation was his evidence that cytoplasmic 
staining of osmium tetroxide-fixed tissue was due largely to 
a reducing effect of unsaturated fatty acid-osmium complexes 
on silver ions. Treatment of osmium tetroxide-fixed sections 
with hydrogen peroxide to remove osmium prior to staining 
virtually inhibited staining throughout the cytoplasm. 
Unlike previous efforts, Marinozzi's staining procedure was 
carried out on sectioned material. Sections were cut and 
floated on the surface of the staining solution prior to 
being picked up on grids. 
In all of the previous attempts to develop a DNA-
specific staining procedure with silver ions, the staining 
reagent used consisted either of AgNOg made more alkaline 
with a few drops of NH^OH or silver complexes involving 
mixtures of NH^OH, AgNOg and hexamethylenetetramine. Bryan 
(1962, 1964) reported very discrete staining of the DNA-
containing components of numerous cell types at the light 
microscope level with a silver solution prepared in a manner 
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entirely different from any previous study. The reagent was 
prepared by pipetting drop by drop, 2% ammonium hydroxide 
(NH^OH) to 2% silver nitrate (AgNOg). Following each drop, 
the solution was agitated until the silver oxide (Ag^O) was 
just dissolved, leaving a clear solution. Chromosomes of 
both squashed and sectioned tissue were darkly stained with 
the reagent following hydrolysis. Chromatin and chromosomes 
of unhydrolyzed controls exhibited no visible stain. 
Bryan and Brinkley (1963) applied a modification of the 
above procedure to osmium tetroxide and formalin-fixed 
salivary glands of Drosophila and Chironomus at the electron 
microscope level. The details of this preliminary work 
along with additional modifications in procedure and applica­
tion to a variety of other cell types are presented in this 
dissertation. 
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MATERIALS AND METHODS 
Materials 
Experimental organisms ; 
Several types of tissues were used in the present 
investigation. These included salivary glands of Drosophila 
melanogaster Meigen and Chironomus decorus Johannsen, testes 
of the larval European corn borer Ostrinia nubilalis 
(Hubner), gonads from nine and eleven-day mouse fetuses, and 
adult mouse testes. 
A triploid stock (Aex886A) of Drosophila was obtained 
from the Genetics Department of Iowa State University of 
Science and Technology and cultured in the laboratory on a 
cornmeal-molasses medium (Hollander, 1959). The salivary 
glands from the second and third instar larvae were dis­
sected out in insect Ringers and placed directly into the 
various fixatives by means of fine-tipped jewelers forceps. 
Chironomid larvae were collected in the field and 
brought to the laboratory for taxonomic identification and 
dissection. Salivary glands from late instar larvae were 
removed in insect Ringers under the dissecting microscope and 
placed directly into the various fixatives. 
Adult mice used in the study were from the C57B1/6 JAX 
strain purchased from the Roscoe B. Jackson Memorial 
15 
Laboratory in Bar Harbor, Maine. Ten-week male progeny of 
second generation sib-matings were killed by cervical dis­
location. Their testes were quickly removed, placed directly 
into the fixation fluid, and then dissected further to expose 
the seminiferous tubules which were cut into smaller pieces 
and transferred to ftesh fixative. 
It was necessary to obtain mouse fetuses of: known ages. 
Therefore, healthy virgin females of breeding age were mated 
and checked daily for vaginal plugs. The date on which the 
plugs were first found was considered the day of conception. 
Fetuses were dissected from the uterus of their mothers at 
nine and eleven days post-coitus and transferred to mammalian 
Ringers solution for further dissection under the dissecting 
microscope. 
The testes of fifth instar European corn borers were 
dissected out in the fixation fluids and transferred to fresh 
fixatives. Since the testes were sufficiently small, it was 
not necessary to dissect them further. 
Tissue preparation 
For examination with the electron microscope, tissues 
were fixed for one hour at room temperature in the following 
fluids : 
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(A) 1% osmium tetroxide buffered with veronal acetate at pH 
7.4 and consisting of the following components (Palade, 
1952): 
10.0 ml. of 2% osmium tetroxide 
3.3 ml. of veronal acetate buffer (0.047M sodium 
barbitol, and 0.080M sodium acetate) 
2.7 ml. of 0.5N HCl to adjust pH to 7.4 
4.0 ml. of double distilled, deionized water. 
(B) 10% formalin buffered at pH 7.4 with veronal acetate. The 
final solution consisted of the following components 
(Pease, 1960): 
10.0 ml. of 20% formalin kept over CaCOg 
4.0 ml. of veronal acetate buffer 
0.86 ml. of 0.5N HCl to adjust pH to 7.4 
6.0 ml. of double distilled, deionized water 
(C) 2.4% glutaraldehyde buffered at pH 7.4 with veronal 
acetate and consisting of the following components (Roth 
et al. 1963): 
10 ml. of 25% glutaraldehyde (Aldrich Chemical Co., Inc. 
Milwaukee, Wisconsin) 
50 ml. of veronal acetate buffer 
10 ml. of 0.4N HCl to adjust pH to 7.4 
40 ml. of double distilled, deionized water 
In addition to the above fixation procedures, some 
salivary glands were fixed by a modification of the procedure 
used by Goodman and Spiro (1963) which consisted of a five-
minute fixation in ethanol/acetic acid (3:1) followed by 
postfixation in osmium tetroxide for 45 minutes. This 
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procedure, however, resulted in very poor nuclear preserva­
tion and was not included in further studies of this 
investigation. 
Following fixation, dehydration was accomplished by 
passing the tissues through two changes of 50% ethanol for 
five minutes each, one change of 70% ethanol for 15 minutes, 
one change of 80% ethanol for 10 minutes, one change of 95% 
ethanol for 10 minutes and finally, two changes of 100% 
ethanol for five minutes each. 
Dehydrated tissues were embedded in both methacrylate 
and Epon. Those to be embedded in methacrylate were in­
filtrated in a methacrylate monomer consisting of three parts 
of n-butyl to two parts of ethyl methacrylate plus 1% w/v 
benzoyl peroxide initiator. Before use, the mixture was 
dried by passing it through anhydrous sodium sulphate. The 
tissues were passed through three changes of the monomer for 
periods of 10, 20, and 10 minutes. The infiltrated blocks 
were then transferred to size #1 apothecary capsules which 
were filled with fresh monomer. The filled capsules were 
placed in an oven and allowed to polymerize at 60°C for 24 
hours. 
Those tissues to be embedded in Epon were treated with 
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two changes of propylene oxide for 15 minutes each following 
the last absolute ethanol bath. From this, they were placed 
in a mixture of one part propylene oxide to one part of Epon 
for 12 hours at 0-5°C, then to one part of propylene oxide 
to three parts of Epon at room temperature for two hours. 
Finally, the tissues were placed in apothecary capsules con­
taining pure Epon and allowed to polymerize for 24 hours at 
60°C. 
Some of the tissues which were examined with the light 
microscope were embedded in paraffin for sectioning with a 
Spencer Rotary microtome. 
After polymerization, the methacrylate and Epon capsules 
were trimmed with a razor blade to expose a tissue face of 
about one square millimeter. From this, thick sections were 
cut with a razor blade and mounted in immersion oil on a 
glass slide for examination with the phase microscope. This 
step was routinely included to facilitate the selection of 
specific areas of the tissue for examination with the 
electron'microscope. At this stage, some of the blocks were 
sectioned with a Porter-Blum or LKB Ultratome and picked up 
on parlodion-coated grids. These untreated sections served 
as controls for various other experiments. 
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Some of the trimmed blocks were hydrolyzed by submerging 
them in IN HCl for periods of from 12 to 30 minutes at 60°C. 
This method of hydrolysis was suggested by Ryan W. Drum who 
t 
used a similar procedure for removing the siliceous cell wall 
from diatoms with hydrofluoric acid (Drum, 1963). Other 
blocks were treated with 5N HCl for 20 minutes at room 
temperature. Attempts were also made to hydrolyze sectioned 
tissue by exposing grids containing sectioned material to 
IN HCl for 12 minutes at 6O°C. • The latter treatment often 
resulted in damaged sections and is not recommended for this 
purpose. Following hydrolysis, blocks were washed in running 
distilled water for 10 minutes and blotted dry with filter 
paper. 
In order to reduce the osmium content in some of the 
tissues, trimmed blocks were submerged in solutions of: 
(a) 10% hydrogen peroxide, (b) 1 part of 15% hydrogen 
peroxide to 1 part of 0.6N HCl, and (c) 1 part of 30% hydro-
! 
gen peroxide to 1 part of 0.6N HCl for periods of 20, 30, 
45, and 60 minutes. In all cases where the hydrolysis step 
was included, peroxide treatment preceded the hydrolysis. 
After peroxide treatment, the blocks were washed in 1% 
oxalic acid followed by a 10-minute wash in running distilled 
I 
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water. Peroxide treatment was also carried out on sectioned 
material but often resulted in the damage or loss of sections. 
All of the experiments involving peroxide treatment were 
modifications of Marinozzi's (1961) original procedure and 
involved variations in concentration and composition of the 
peroxide solution. 
All sections were then cut and those with gray, silver, 
or gold refractive colors (600-900 A) were picked up on 
parlodion-coated stainless steel grids. Copper grids could 
not be used because of their reactivity with the staining 
solution. Stainless steel grids were also suspected of 
I 
reacting slightly with the stain. To test this, some sec­
tions were transferred from the. knife boat directly to the 
staining solution by means of a wire loop (Marinozzi, 1961). 
The sections were picked up with either copper or stainless 
steel grids following staining in this manner. 
Some sections were cut at a thickness of one micron 
with a Porter=Blum microtome, picked up with a wire loop, 
and transferred to an albumin-coated glass slide. These 
were then stained by the standard Feulgen procedure for DNA 
and examined with the light microscope. 
I 
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Staining 
Staining was accomplished by floating the grids, tissue 
side down or the tissue section alone, on the surface of an 
alkaline silver solution. The solution was prepared fresh 
each time by pipetting 2% silver nitrate, drop by drop, into 
lOcc of 2% NH^OH. After each drop, a brownish precipitate 
would form and the solution was agitated until the precipi-
I 
tate disappeared. At the end-point, the precipitate would 
not all go into solution and a slightly opalescent solution 
existed. The stain was then filtered through Whatman number 
one filter paper and collected in a small petri dish. The 
pH of the solution is 9.8 but may become more alkaline upon 
standing in an uncovered container. It is important, there­
fore, that the staining be carried out in a covered container. 
Attempts to reduce the alkalinity with dilute nitric acid 
were successful but the staining quality of the solution was 
inferior to the original. 
Sections were stained at room temperature and at 50°C 
for periods of 30 and 60 minutes. After the staining period, 
the sections were allowed to cool to room temperature and 
then transferred to the surface of a 2% NH^OH solution for 10 
I 
minutes. If this step was omitted, large deposits of con-
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tamination believed to be silver oxide were found scattered 
throughout the tissue. Best results were obtained if the 
solution was changed three times during the 10 minute period. 
After the final NH^OH rinse, the grids were swirled briefly 
in distilled water and blotted with filter paper. In order 
to reduce sublimation damage induced by the electron beam, 
methacrylate embedded tissues were overlaid with a 
methacrylate film before being examined with the electron 
microscope after the method of Roth (1961). 
For comparative purposes, some sections were stained 
with uranyl acetate. Grids containing osmium fixed tissue 
were inverted on a solution of uranyl acetate for 50 minutes, 
rinsed in distilled water, carefully blotted dry, and covered 
with a methacrylate film. 
Specificity and nature of the staining reaction 
There are several ways of determining the degree of 
specificity of a Feulgen-type staining reaction for DNA. 
One of these is to subject the tissue to the usual staining 
routine but omit the acid hydrolysis step (unhydrolyzed con­
trol). A second important control is to remove the DNA from 
the tissue prior to the staining procedure. Both of these 
methods were employed in the present investigation. Also, 
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in order to determine the effects of each of the reagents 
on the tissue fine structure, sections were examined with the 
electron microscope following each step of the procedure. 
Enzyme extractions 
Some of the tissues were treated with deoxyribonuclease 
(DNase) to remove DNA. The method employed was adapted from 
that of Kaufmann et al. (1957). Tissues fixed in 1% osmium 
tetroxide as previously described were rinsed three times in 
veronal acetate buffer followed by two rinses in 0.003 M 
MgSO^. They were then placed in a solution of DNase made by 
adding 5 mg. of crystalline DNase (Worthington, IX crystal­
line) to 1 cc of 0.003M MgSO^ and adjusting the pH to 7.0 
with veronal acetate buffer. Tissues were exposed to the 
enzyme solution for periods of 2, 4, and 6 hours at 37°C. 
The enzyme solution was changed three times over the six-
hour period. For control purposes, tissues were treated in 
precisely the same manner but with the omission of the 
enzyme from the solution. 
Aldehyde blocking agents 
Since the glutaraldehyde molecule has two active aldehyde 
groups, the possibility existed that the fixative might also 
reduce silver ions and therefore detract from the specificity 
for DNA. The presence of free aldehydes was tested by 
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staining glutaraldehyde-fixed salivary glands with the 
Feulgen method for light microscopy. It was observed that 
the chromosomes and cytoplasmic components of both hydrolyzed 
and unhydrolyzed tissues gave a strong positive reaction when 
stained with the Feulgen reagent. In an attempt to block 
these fixative-induced aldehyde groups, tissues were incu­
bated in a 5% solution of dimedone in 80% ethanol at 37°C for 
six hours. Control tissues were incubated at the same 
temperature and for the same length of time in 80% ethanol 
alone. Both treated and control tissues were dehydrated 
and embedded for light and electron microscope examination. 
Microscopy and photography 
All sections were examined with an RCA EMU3F electron 
microscope. The overall contrast in peroxide treated tissues 
was low especially in the cytoplasmic areas. Therefore, best 
results were obtained by using a 30-^ objective aperture and 
operating at 50 kv. 
The light microscopes used were a Zeiss phase micro­
scope, a Zeiss photomicroscope, and a Baush and Lomb "Dyna-
zoom" bright field microscope. 
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Electron micrographs were taken on medium-contrast Kodak 
lantern slide plates, developed in Kodak liquid "X-ray ' 
developer" for 2 minutes, and printed on Kodabromide Fl to 
F5 paper. 
I 
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RESULTS 
The Staining Procedure 
Throughout the development of the silver-aldehyde tech-
I 
nique, factors such as reagent concentrations, temperatures, 
and times were selectively varied in order to obtain optimum 
staining results. Such results were defined as those which 
gave the highest quality of stain specificity with a minimum 
degree of fine structure damage induced by the various 
reagents. 
The method to be described may be summarized under the 
following headings : (a) fixation, (b) dehydration, (c) em­
bedding, (d) peroxide oxidation, (e) sectioning, (f) stain­
ing, and (g) ammoniacal rinse. 
Fixation 
Osmium tetroxide (OsO^) gave the best fixation of 
chromatin fine structure of the three fixatives used. It was 
also chosen because a positive Feulgen reaction at the light 
microscope level may be achieved following OsO^ fixation 
(Huxley and Zubay, 1961, Nass and Nass, 1963). This sug­
gested that the fixative does not greatly alter the physio­
logical state of DNA. 
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Fixation of salivary gland tissue in 10% formalin fol­
lowed by methacrylate embedding resulted in severe poly­
merization damage to both the cytoplasm and the nucleus. 
Although formalin can be used as a fixative in combination 
with the silver-aldehyde reaction as will be discussed later, 
its use is not recommended if methacrylate is to be used as 
the embedding medium, 
Glutaraldehyde-fixed tissues were unsuitable for silver-
aldehyde staining. When glutaraldehyde-fixed, paraffin em­
bedded sections were stained with the Feulgen reagent and 
examined with the light microscope, staining was observed in 
both the cytoplasm and nucleus of hydrolyzed and unhydrolyzed 
tissues. This suggested the presence of aldehyde groups 
which originated from the fixative itself. Attempts to block 
the free aldehyde groups with dimedone were partially suc­
cessful at the light microscope level. However, when similar 
treated tissues were examined under the electron microscope, 
severe damage of the fine structure was observed. 
Dehydration 
Experiments were not undertaken to determine the effects 
of dehydration on silver-aldehyde staining. The usual 
methods of dehydration in a graded series of ethanol seemed 
to give satisfactory results„ Tissues were occasionally 
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stored for short periods of time (two to three hours) in cold 
15% ethanol. 
Embedding 
Two types of embedding media were used but only 
methacrylate proved satisfactory in combination with the 
silver-aldehyde staining reaction. When Epon embedded 
tissues were subjected to the silver reagent, very erratic 
results were obtained. Although little silver could be 
detected in tissues stained up to two hours in the reagent, 
a considerable amount of silver was observed throughout the 
tissue in sections stained longer than this period. The fact 
that Epon alone was also stained suggested a possible 
reaction between the staining reagent and the embedding 
medium. 
I 
Peroxide oxidation 
When hydrolyzed sections of osmium tetroxide-fixed 
salivary glands were stained in the silver reagent, staining 
was evident not only in the band regions of salivary gland 
chromosomes where DNA is known to exist, but also in the 
cytoplasm. Such cytoplasmic silver staining was evident in 
both hydrolyzed and unhydrolyzed sections. Marinozzi (1961) 
reported that silver impregnation of the membraneous com­
ponents of the cytoplasm was due largely to the reduction of 
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ionic silver by an unsaturated fatty acid-osmium complex 
associated with the membraneous components of the cell and 
could be inhibited by reducing the osmium content with 
acidified hydrogen peroxide. Thus, in an attempt to reduce 
the spurious cytoplasmic staining, blocks, as well as sections, 
were treated with various concentrations of hydrogen peroxide. 
Best results were obtained when trimmed methacrylate blocks 
containing the tissues were submerged in a solution consist­
ing of one part of 15% hydrogen peroxide to one part of 0.6N 
HCl for 20 minutes at room temperature. Following peroxide 
treatment, it was necessary to wash the tissue blocks for 10 
minutes in 1% oxalic acid to remove the excess peroxide 
followed by a 10 minute wash in distilled water. Peroxide 
treatment, of course, was not necessary when fixatives other 
than osmium were used. 
Hydrolysis 
Hydrolysis was best obtained by submerging trimmed 
methacrylate blocks containing tissue in IN HCl for 20 
minutes at 60°C. Attempts to hydrolyze blocks for longer 
periods of time caused increased fine structure damage and 
did not noticeably improve the staining results. When 
tissue blocks were hydrolyzed in 5N HCl at room temperature 
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for 20 minutes the chromosomes were destroyed. Hydrolysis 
of tissue blocks prior to embedding, as attempted by Jurand 
et al. (1958) resulted in severe damage to the tissue fine 
structure and therefore was not attempted in the present 
investigation. 
Sectioning 
Neither peroxide treatment nor hydrolysis seemed to 
affect the sectioning quality of methacrylate or Epon-
embedded material. It was important that the tissue block-
face be trimmed to a depth of about 3 n before collecting 
sections for staining or observation. Sections taken im­
mediately adjacent to the tissue block-face showed consider­
able damage to tissue fine structure. 
Sections may be picked up with a wire loop from the 
knife boat and transferred to the staining solution or 
picked up on grids. Either way gave satisfactory results, 
although the former was perhaps the most cumbersome. No 
evidence was acquired which suggested that the stainless 
steel grids reacted with the staining reagent. 
Staining 
Optimum staining results were obtained by exposing 
sections on grids to the staining reagent for 30 minutes at 
50°C. Prolonged staining periods up to one hour did not 
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noticeably improve the contrast in chromosomal fibrils. As 
was previously mentioned, the staining reagent should be made 
up fresh each time and discarded immediately after being used 
(for additional comments concerning the danger of storing 
ammoniacal silver solutions, see Bryan, 1964). 
Ammoniacal rinse 
After staining, the sections should be transferred 
directly to 2% NH4OH. This should not be done until the 
staining solution has cooled to room temperature. Otherwise, 
the temperature shock brings about considerable distortion 
and shrinkage. The ammonia rinse should be changed three 
times during a period of ten minutes. Failure to rinse 
sections carefully following staining resulted in severe 
contamination of the sections with a heavy precipitate 
thought to be silver oxide. The excess NH^OH should be 
washed from the sections following this period by a brief 
rinse in distilled water. Following the distilled water 
rinse, the sections should be carefully blotted with filter 
paper, overlayed with a methacrylate film as previously 
described and examined under the microscope. 
Summary of suggested staining procedure 
1. Fix tissues for one hour in 1% osmium tetroxide 
buffered at pH 7.4 with veronal acetate. 
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Dehydrate in a graded series of ethanol. 
Embed tissues in methacrylate and polymerize in a 
60°C oven for 24 hours. 
Trim methacrylate blocks to expose a tissue face of 
one square millimeter. 
Submerge methacrylate blocks in a solution of one 
part of 15% hydrogen peroxide to one part of 0.6 N 
HCl for 20 minutes at room temperature. 
Wash methacrylate^blocks in 1% oxalic acid for 10 
minutes followed by a 10 minute rinse in distilled 
water. 
Hydrolyze by submerging blocks in IN HCl for 20 
minutes at 60°C. Following hydrolysis, wash blocks 
for 10 minutes in distilled water to remove 
chlorine. 
Blot methacrylate blocks dry with fcilter paper and 
section. Cut away about three microns of tissue 
before collecting sections on stainless steel grids. 
Stain sections in silver-aldehyde reagent for 30 
minutes at 50°C. 
When staining solution has cooled to room tempera­
ture, transfer grids to a solution of 2% NH^OH. 
Rinse for 10 minutes in three changes of this 
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solution. 
11. Rinse grids in distilled water, blot carefully with 
filter paper and overlay with a methacrylate film. 
12. Examine with the electron microscope at 50 k.v. 
using a 30 micron objective aperture. 
Specificity and Nature of the Staining Reaction 
The effects of osmium tetroxide fixation 
In order to observe the effects of osmium tetroxide 
fixation on silver-aldehyde staining, some tissues were 
sectioned and examined without further treatment, others 
were stained in the silver reagent without prior hydrolysis 
(unhydrolyzed controls) and still others were hydrolyzed and 
stained. 
The polytene chromosome banding pattern of osmium 
tetroxide-fixed, unstained sections was clearly discernible 
and resembled those commonly observed in stained, bright 
field microscope preparations (Fig. 1). Higher magnification 
of the chromosome band regions indicated some pattern of 
fibrillar ultrastructure (Fig. 2). The relatively high 
density of the bands imparted by the osmium, however, tended 
to mask the fine structure. When similar sections were 
stained with silver without prior hydrolysis little 
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difference was detected in the band regions ; although there 
was some deposition of silver, the contrast in the fibrils 
was not greatly affected (Fig. 3). Considerable deposition 
of silver was seen in the cytoplasm. Silver staining was 
especially heavy along the membraneous components of the 
cytoplasm and the nuclear envelope (Fig. 4). 
When osmium tetroxide fixed sections were hydrolyzed 
and then stained with the silver reagent, the contrast of the 
bands was greatly increased and the fibrils were clearly 
delineated with silver particles (Fig. 5). The particles 
ranged in size from 100 A down to below the resolution of 
the electron microscope. The extremely fine silver grains 
appeared to enhance the contrast in the fibrils while the 
larger particles outlined the structures in a bead-like 
manner. Fibrils measuring 40 to 100-A in diameter were 
seen in the band regions of the chromosomes (see arrows in 
Fig. 5). Unfortunately, however, the cytoplasmic staining 
seen in previous preparations was also very evident in 
hydrolyzed, stained preparations. 
The effects of peroxide oxidation 
As was previously mentioned, hydrogen peroxide was used 
to reduce the osmium concentration in some tissues in an 
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attempt to inhibit nonspecific cytoplasmic staining. In 
order to observe the effects of peroxide oxidation on silver-
aldehyde staining and chromosome structure, the following 
types of preparations were made: (a) Osmium, H^0^, (b) 
osmium, HgOg, hydrolysis, (c) osmium, H^O^, silver stained, 
(d) osmium, unacidified H^O^, silver stained, (e) osmium, 
unacidified H^O^, hydrolysis, silver stained. 
The overall coritrast was greatly reduced in osmium 
tetroxide-fixed tissues following peroxide treatment. This 
was especially evident in the band regions of polytene 
chromosomes (Fig. 6). The fibrils which were hardly dis­
cernible in osmium tetroxide-fixed preparations did not lose 
their contrast following peroxide oxidation but were, in 
fact, more evident following such treatment (see arrows in 
Fig. 6). Hydrolysis following peroxide treatment did not 
appear to alter chromosome structure (Fig. 7). 
When osmium tetroxide-fixed, peroxide treated tissues 
were subjected to silver staining (unhydrolyzed controls) 
disturbing results were obtained. Considerable silver 
staining was evident in the band regions of the chromosomes 
(Fig. 8). The contrast in the fibrillar components was in­
creased and considerable deposition of silver particles 
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along the fibrils was observed. This evidence suggested 
that either the chromosomes were not being stained in a 
Feulgen-like manner or the DNA was being hydrolyzed by the 
HCl in the peroxide solution. To test the latter, tissues 
were treated in precisely the same manner but oxidized in an 
aqueous peroxide solution of the same concentration. Silver 
staining was not evident in the chromosomes following the 
latter treatment (Fig. 9). Thus in order to demonstrate the 
absence of staining in unhydrolyzed controls, unacidified 
hydrogen peroxide must be used. For routine silver-aldehyde 
staining however, where it is not necessary to run un­
hydrolyzed controls, a solution containing one part of 15% 
hydrogen peroxide to one part of 0.6N HCl is recommended for 
I 
removing bound osmium from the tissues. The unacidified 
I 
solution induced more tissue fine structure damage and was 
less effective in removing the osmium. 
Fig. 10 shows a micrograph of a chironomid polytene 
chromosome which has been stained with the complete silver-
i 
aldehyde procedure as outlined on pages 31 to 33. The same 
chromosome is shown at higher magnification in Fig. 11. Here 
it may be seen that the fibrils of the band regions were 
clearly delineated by silver particles. It is interesting to 
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note the lack of large 50-100-A silver particles seen in 
silver-aldehyde stained chromosomes which had not been 
treated with peroxide (compare Fig. 11 with Fig. 5). The 
nonspecific cytoplasmic staining seen in silver-aldehyde 
stained sections which had not been treated with hydrogen 
peroxide was greatly reduced, following peroxide treatment 
(compare Fig. 12 with Fig. 4). 
The effects of formalin fixation 
As additional evidence for the DNA specificity and 
aldehyde dependence of the staining reaction a series of 
controls were set up to determine the effects of the staining 
reagent following formalin fixation. These included examina­
tion of formalin-fixed, unstained preparations, formalin-
fixed, silyer-stained preparations (unhydrolyzed controls), 
and formalin-fixed, hydrolyzed, silver-stained preparations. 
The banding pattern seen in osmium tetroxide-fixed 
salivary gland chromosomes was not evident following formalin 
fixation. The contrast in unstained chromosomes was greater 
than expected. Numerous 200-A filaments were seen extending 
in various directions throughout the chromosomes (Fig. 13). 
Careful examination of these filaments suggested they were 
composed of paired 100-A fibrils. The 200-A filaments were 
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not as obvious in unhydrolyzed, silver-stained chromosomes 
and those which were evident exhibited no silver staining 
(Fig. 14). 
When formalin-fixed salivary glands were hydrolyzed and 
stained with the silver-aldehyde reagent, the chromosomes 
exhibited an interesting pattern of silver staining. The 
large fibrils seen in unstained sections consisted of from 
two to four fine fibrils, each about 40-A in diameter, out­
lined by silver particles (see arrows in Fig. 15). Addi­
tional comments concerning these structures will be made in 
a later section. 
DNase digestion 
This series of experiments was included to observe the 
effect of the silver-aldehyde staining reaction on polytene 
chromosomes following an attempt to remove the DNA with 
DNase. Figure 16 is a high magnification micrograph of an 
osmium tetroxide-fixed chromosome which has been stained 
with the complete silver-aldehyde procedure following DNase 
digestion. The banding regions, though somewhat more dif­
fuse, were still evident. Although the 40 and 100-A fibrils 
were seen in the band regions, there was a marked reduction 
in the quantity of silver associated with these fibrils 
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(compare Fig. 16 with Fig. 11). Chromosomes treated in the 
same manner but without the DNase enzyme exhibited the usual 
pattern of silver deposition in the bands. Adjacent thick 
sections of DNase treated tissues were examined with the 
bright field microscope following their subjection to the 
Feulgen procedure. In all cases, the enzyme treated tissues 
gave a negative Feulgen reaction. 
Chromatin and Chromosome Structure 
In addition to the development of a staining technique 
for the localization of DNA, a large portion of this research 
has been concerned with the application of the technique, as 
developed, to the study of chromatin and chromosome ultra-
structure in a variety of cell types. By comparing the 
results obtained by the present technique with those of 
previous studies in the literature it was possible to assess 
the value of the technique as well as contribute to the cur­
rent knowledge of chromatin and chromosome structure. 
Polytene chromosomes 
In osmium-fixed, unstained sections of salivary gland 
nuclei of both Chironomous and Drosophila larvae, the 
electron opacity is highest in the nucleolus, intermediate 
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in the bands of the chromosomes and lowest in the nuclear 
sap and interband regions (Fig. 17). In silver-aldehyde 
stained sections, the band regions of the chromosomes are 
more discrete. The nucleolus can be seen to consist of two 
zones, a granular peripheral region and an amorphous central 
zone (Fig. 18). Silver staining was observed throughout the 
nucleoli of all cells stained with the silver-aldehyde reac­
tion. Since the DNA concentration of the nucleolus is neg­
ligible, such staining was probably due to other factors. 
Das and Alfert (1963) reported that some unknown nucleolar 
fraction present in both plant and animal cells had a high 
affinity for silver ions. Also, since the electron density 
I 
of the nucleolus is not greatly reduced following peroxide 
treatment, it is possible that much of the osmium remains 
in the nucleolus. The staining may therefore be due to the 
reducing ability of the "differentially bound" osmium on 
silver ions. 
The dense granular appearance of the nuclear sap seen 
in osmium tetroxide-stained sections is not as evident fol­
lowing silver-aldehyde staining. Instead, this region was 
characterized by numerous lightly stained 40-A fibrils. 
These fibrils seemed to be randomly scattered throughout the 
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nuclear sap regions and under higher magnification, gave the 
impression of strings of beads. Similar structures have been 
described in the nuclear sap regions of the Sciarid salivary 
gland nuclei (Jacob and Sirlin, 1963). 
The band regions of the polytene chromosomes are char­
acterized by numerous darkly stained fibrils. Although most 
of these fibrils measure approximately 40-A in diameter, they 
are occasionally seen loosely coiled about one another form­
ing a 100 A unit (see arrows in Fig. 19 and Fig. 20). The 
orientation of the individual fibril seems to be random at 
any one point but the overall fibrillar profile seems to be 
directed either at right angles or obliquely to the long 
axis of the chromosome. The fibrils of the bands are delin­
eated by silver particles ranging in size from 40-A to sizes 
below the resolution attainable on the specimen. Where 
fibrils appear paired or loosely coiled about one another, 
the silver particles on each fibril also appear paired. This 
is especially evident in formalin-fixed chromosomes (Fig. 
15). As was previously mentioned, formalin fixation resulted 
in the loss of banding patterns and the condensation of 
chromosomal material. Large 2OO-A fibrils were commonly seen 
in unstained preparations„ The fact that some of the 200-A 
fibrils appear to consist of two sub-units suggested the 
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possibility that they represented condensation products of 
two 100-A fibrils (Fig. 13). Following silver-aldehyde 
staining, the 200-A fibrils were seen to be composed of two 
to four 40-A sub-fibrils each of which was clearly outlined 
by silver particles. 
The so called interband regions of the chromosomes were 
characterized by fine 40-A fibrils not unlike those seen in 
the nuclear sap. These fibrils were usually not randomly 
oriented as in the nuclear sap, but extended from one band to 
another parallel to the long axis of the chromosome (see IBF, 
Fig. 21). Most of the fibrils of the interband regions were 
unstained by the silver aldehyde reagent. Thicker sections 
revealed numerous "bridges" or bundles of silver-stained 
fibrils passing across the interband regions (see BD, Figs. 
21 and 22). Some of these bridges measured up to 200 mp in 
diameter. Occasionally bands were seen which did not stain 
as heavily with the silver reagent as adjacent bands (Fig. 
22). This was not surprising since light microscope studies 
of squashed preparations show some bands to be very faintly 
Feulgen-positive (Swift, 1962). 
The fourth salivary gland chromosome of Chironomus is 
characterized by three large annular protrusions known as 
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Balbiani rings. Each of these structures represents the 
proliferation of a single band and is only one of a class of 
so-called "puffs" commonly seen in dipterous polytene chromo­
somes (Beermann, 1957, Swift, 1961). Evidence from a number 
of investigations suggests that the Balbiani ring represents 
a single active genetic locus on the chromosome (Beermann, 
1957, 1961, Edstrom and Beermann, 1962). 
The only known description of the fine structure of a 
Balbiani ring is the one by Beermann and Bahr (1954). These 
authors described a number of expanded "threads" approximately 
0.2 (a in diameter. The threads were described as having the 
appearance of a bent "brush" with many "bristles" each of 
which measured 100-150-A in diameter. Particles measuring 
30 m|i were seen attached to some of the bristles. Photo­
micrographs taken in the present investigation have revealed 
further aspects of the ultrastructure associated with the 
Balbiani ring not described by the previous authors. Silver-
aldehyde stained sections taken through the Balbiani ring of 
the fourth chromosome revealed a reticulum of lightly stained 
material distributed throughout the puff (Fig. 23). The 
reticular material measured from 150 to 250-m|_i in diameter and 
probably corresponds to the "threads" or "brushes" described 
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in earlier studies. The brush-like structure appeared to be 
composed of bundles of 100-A fibrils from which bristles of 
the same dimension extended (Fig. 24). The bristles occa­
sionally appeared as a pair of coiled 40-A fibrils which 
attached to 25-30 m[_i particles (Figs. 24, 25, and 26). Each 
25-30 m(i particle appeared to be composed of a cluster of 
smaller 10-12 m|i particles arranged around the periphery of 
the structure leaving a light core in the center (Figs. 25 
and 26). The association of the clustered particles with 
theifine fibrils of the Balbiani ring suggests a functional 
relationship which needs further study. 
Interphase nuclei 
Sections of the interphase nuclei of somatic cells (Fig. 
27), germ cell primordia (Fig. 30) and spermatids (Fig. 32) 
stained with the s ilver-aldehyde procedure all revealed a 
similar pattern of chromatin distribution. Each was char­
acterized by a finely textured meshwork of silver stained 
fibrils. Under higher magnification, the fibrils appeared 
as loosely coiled 100-A structures similar to those seen in 
the band regions of polytene chromosomes (Figs. 28, 29, 31, 
and 33). The 100-A fibrils often appeared to be composed of 
a pair of 40-A sub-fibrils (see arrows in Figs. 29 and 33). 
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Fibrils of a similar nature have been described in the inter­
phase nuclei of other cell types (Ris, 1961, 1962, Hay and 
Revel, 1963). Hay and Revel have also shown that the 100-A 
fibrils actively incorporate tritiated thymidine. 
Thick sections examined under the phase microscope 
revealed homogeneous areas of the nuclei as well as a few 
scattered dense areas thought to be heterochromatin. Similar 
regions appeared under the electron microscope as electron 
dense "patches" of silver stained fibrils (Fig. 27). The 
fibrils in the dense heterochromatin were more tightly packed 
but otherwise appeared no different from those seen in the 
more homogeneous areas of the nucleus. Even in the so-called 
homogeneous areas, the fibrils were seen to exist in regions 
of greater and lesser density. 
It has been suggested that the apparent reticulation of 
interphase chromatin is due to crosslinking between the 
deoxyribonucleoprotein (DNP) elements (Hay and Revel, 1963). 
Although a similar reticulation was seen in the present 
investigation, the interstices of the meshwork were much 
larger than that shown by the above authors. The possible 
significance of this observation will be discussed later. 
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Meiotic and mitotic chromosomes 
Sections through the testis of the European corn borer 
Ostrinia nubilalis (Hubner) provided chromosomes in various 
stages of mitotic and meiotic division. Silver-aldehyde 
stained chromosomes of a prophase nucleus are shown in Fig. 
34. Again, as was seen in the polytene chromosomes and 
interphase nuclei, the chromosomes are composed of a multi-
stranded reticulum of 40 and 100-A fibrils. The contrast in 
the fibrils of silver-stained chromosomes is greatly increased 
over those seen in an unstained preparation (compare Fig. 34 
with Fig. 35). Fibrils of a similar nature are seen in 
anaphase chromosomes following silver staining (Fig. 36 and 
Fig. 37). Some chromatin-like material was seen scattered 
between the "main body" of the separating anaphase chromo­
somes (see arrow in Fig. 36). It is interesting and perhaps 
significant to note that the fibrillar pattern seen in 
mitotic chromosomes is very similar to the meshwork of 
i, 
fibrils seen in interphase nuclei and the bands of polytene 
I 
chromosomes (compare Figs. 37, 33 and 20). 
During meiotic prophase, homologous chromosomes undergo 
a characteristic synapsis or pairing,. This is especially 
evident during the pachytene stage of meiotic prophase. The 
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term "synaptinemal complex" has been coined to describe 
pachytene chromosomes seen in ultrathin sections with the 
electron microscope (Moses, 1956). Such complexes have been 
shown to consist of three parts : (a) the "lateral components" 
which extend parallel to the long axis of the chromosomes and 
are thought to represent the chromatids, (b) the "lateral 
loops" which extend perpendicular to the lateral components 
and are thought to be tortuously coiled chromonemata, and 
(c) the "midaxial space" which represents the region between 
the lateral components. 
The silver-aldehyde staining reaction has made it pos-
I 
sible to demonstrate clearly the structures and dimensions 
of the components of the synaptinemal complex of the European 
corn borer. The fibrillar nature of the lateral loops is 
very obvious following silver-aldehyde staining; compare the 
unstained complex (Fig. 39) with the silver-aldehyde stained 
one (Fig. 38) to confirm this. Uranyl acetate-staining (Fig. 
40) increased the contrast in the lateral loops but the 
individual elements of the loops were not as evident as in 
the silver stained preparations„ As in the interphase 
nucleus, the silver grains were generally of a much finer 
nature than those seen in polytene chromosome preparations. 
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Most of the fibrils of the lateral loops measured 100-A in 
diameter but a few paired 40-A sub-fibrils could be seen 
occasionally. The fibrils appeared to be attached to the 
elements of the lateral components and extended up to 400 
mp. to either side of the components. 
The lateral components appeared to exist in a loose 
spiral and sections through a particular plane of the helix 
revealed a bipartite structure in each of the components 
(Fig. 38). A similar observation has been made in the 
lateral components of the synaptinemal complex of the pigeon 
(Nebel and Couion, 1962). Each lateral component seen in 
the present study contained two parallel filaments 100-A in 
diameter separated by a space of 160-A (Fig. 38). The 
elements appear to be cross-linked at intervals of 350 to 
400-A by a 100-A fibril. A similar cross-linking was re­
ported by Nebel and Coulon (1962) and may represent the 
point of attachment of the lateral loops to the lateral 
components. 
The midaxial space was unstained by the silver reagent 
and appeared homogeneous. The "midaxial line" seen in un­
stained preparations was not evident in those sections 
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examined following silver-aldehyde staining. The fact that 
cytochemical studies have shown the midaxial space to be 
void of DNA (Coleman and Moses, 1963) is further evidence 
for the DNA specificity of the staining reaction. 
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DISCUSSION 
The Staining Technique 
A variety of chemical constituents of the cytoplasm may 
possess the ability to reduce silver ion complexes and thus 
yield a positive reaction with the silver-aldehyde staining 
reagent. In theory, any reactive group which can donate one 
electron to the silver ion will reduce it to the free metal. 
In biological staining, however, tissue preparations are 
subjected to various fixing agents. Fixation may alter the 
original state of the tissue and, thereby, either destroy 
those groups capable of giving a false positive silver 
reaction, or on the other hand, enhance their effect. 
Results of the present study of osmium tetroxide-fixed 
tissues suggest that peroxide oxidation, followed by acid 
hydrolysis, destroys most of the groups that might bring 
about spurious cytoplasmic staining. Silver staining of the 
cytoplasm was greatest in osmium tetroxide-fixed sections 
which had not received any further treatment, intermediate 
in those which had been hydrolyzed and almost absent in 
sections which had been treated with peroxide and hydrolyzed. 
Since the greatest reduction in silver staining of the 
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cytoplasm occurred following the removal of osmium with 
peroxide, it is safe to assume that bound osmium was respon­
sible for most of the cytoplasmic staining. This is in 
agreement with the statement of Marinozzi (1961) that osmium-
unsaturated fatty acid complexes of the cell have the ability 
to reduce silver ion complexes to free silver. 
Due to the lack of a suitable method for determining 
micro-amounts of osmium, it is not possible to state that 
peroxide treatment results in the removal of all of the bound 
osmium. Therefore, the sparse cytoplasmic staining seen in 
some silver-aldehyde stained sections may be due to such 
residual osmium. 
The silver-aldehyde staining reaction developed in the 
present investigation differs in several ways from the so-
called "silver-Feulgen" procedures of the past. First, the 
earlier techniques required that tissues by hydrolyzed and 
stained in the intact block immediately following fixation. 
In the present technique the hydrolysis step was performed 
after the tissues were imbedded. Staining was carried out 
on thin sections. There is a distinct advantage to hydro-
lyzing tissues following the embedding step. The meth-
acrylate serves to reinforce the tissue thus reducing the 
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shrinkage and distortion ordinarily brought about by HCl. It 
was also evident that staining was more efficiently accomp­
lished in thin sections rather than whole tissue blocks. 
Also, thin sections may be rinsed more effectively with NH^OH 
and distilled water following the staining period thus reduc­
ing the concentration of silver oxide and other undesirable 
contaminants in the tissue. A second major difference be­
tween the present technique and previous ones is in the 
preparation of the staining solution itself. By carefully 
mixing NH^OH and AgNOg an end point can be reached at which 
the concentration of diamine silver ions is at a maximum. 
This should be the point at which the Ag^O just becomes 
soluble in the NH4OH. Any other combination results in 
either an excess of ammonia or an excess of Ag^O. Previous 
staining solutions involved either an excess of Ag^O or a 
complex mixture of AgNOg1, NH^OH, and hexamethylenetetramine. • 
Finally, the isilver precipitate in the present technique is 
of a much finer quality than that obtained in previous 
studies. This is extremely important since large silver 
particles tend to mask, rather than enhance, tissue fine 
structure. 
The most probable explanation of the silver-aldehyde 
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staining reaction is based on the property of aldehydes to 
reduce silver ions to free silver. When tissues are hydro­
lyzed with HCl the purine bases of DNA are split off leaving 
free aldehydes at the 11 carbon positions of the deoxyribose 
moieties (Kasten, 1960). When hydrolyzed tissues are exposed 
to ammoniacal silver solutions, the silver complex is reduced 
to metallic silver at the site of the free aldehydes. This 
explanation is supported by three lines of evidence ; (a) 
hydrolysis is a necessary prerequisite to silver staining of 
chromosomes and chromatin. Unhydrolyzed controls exhibit no 
silver staining, (b) areas which are Feulgen-positive at the 
light microscope level such as the bands of polytene chromo­
somes are also stained with the silver reagent, and (c) 
attempts to extract DNA from the chromosome with DNase 
resulted in a marked decrease in silver staining. Since it 
is not known whether or not all of the DNA is removed by 
DNase treatment, some residual silver staining might be 
expected. 
The results obtained in the present investigation sug­
gest that silver can be used effectively in the staining of 
DNA-containing components of the cell. The high degree of 
specificity of the silver-aldehyde reaction for DNA along 
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with the fineness of the silver precipitate has made possible 
the resolution of ultrastructure of chromosomes and inter­
phase chromatin in several cell types. Moreover, the in­
creased contrast resulting from this high degree of speci­
ficity has enabled the fibrillar components to be seen much 
more clearly than in previous studies of sectioned material. 
Chromatin and Chromosome Ultrastructure 
Within the past few years, much knowledge has been 
accumulated concerning the role of the nuclear components, 
especially DNA, in the genetic control of cell activity and 
reproduction. Most of this information has come from the 
study of isolated cell fragments and microorganisms. As yet, 
little is known about the molecular and macromolecular levels 
of organization of chromatin and chromosomes within the 
intact cell. Until recently, the electron microscope con­
tributed little toward understanding the structure and 
function of such material. However, with recent improvements 
in the resolving power of newer instruments along with the 
development of more specific techniques of fixation and 
staining, there is hope that the true organization of chromo­
some and nuclear elements will soon become known. 
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Through the use of the silver-aldehyde staining reaction 
it has been possible to make a number of fundamental observa­
tions concerning the ultrastructure of chromosomes and nuclei 
in several cell types. These included giant polytene chromo­
somes, interphase nuclei, and chromosomes of the dividing 
cell. 
Polytene chromosome structure 
In Drosophila and Chironomus embryos, a constant number 
of primordial salivary gland cells are set aside at a very 
early stage. Thus, the salivary gland has the same number 
of cells from the time the larvae hatch until the gland 
degenerates in the early pupal stages. Therefore, growth of 
the gland is accomplished entirely by the enlargement of the 
individual cells (Sonnenblick, 1950, Swift, 1962). Likewise, 
I 
the chromosome number remains the same but the size of the 
individual chromosomes increases enormously forming so-
called "giant" or "polytene" chromosomes. 
By means of Feulgen cytophotometry, Swift and Rasch 
(1954) have shown the size increase of the chromosomes to 
be accompanied by a successive increase in DNA concentration. 
Their evidence suggested that the original chromosome repli­
cated 11 times to produce a structure which has 1,024 times 
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the haploid DNA concentration. 
Although evidence such as the foregoing supports the 
view that polytene chromosomes are built up by the progres­
sive replication of the basic diploid structure, perhaps 
more substantial evidence was provided by experiments of a 
rather different nature. Thus, studies- of tritium-labeled 
thymidine incorporation in developing polytene chromosomes 
gave additional support to the progressive replication 
theory. More recently, this idea has been substantiated by 
observations made at both light and electron microscope 
levels which strongly suggest that the polytene chromosome 
is a multistranded product of many replication cycles. As 
the fibrils or chromonemata, are replicated, they remain 
associated with their progenitors forming a giant cable 
(for reviews, see Kaufmann et al., 1960, and Swift, 1962). 
The evidence obtained with the silver-aldehyde procedure is 
in agreement with the above theory. Thus, polytene chromo­
somes of both Chironomus and Drosophila were found to be 
composed of numerous 40 and 100-A fibrils. Furthermore, the 
100-A fibrils appeared to be composed of a pair of smaller 
40-A fibrils. These were evident in both the band and inter-
band regions although they appeared more tightly packed and 
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darkly stained in the band regions of the chromosomes. 
It has been argued that the interband regions of poly­
tene chromosomes are Feulgen negative and that only the bands 
contain DNA (De Robertis _et al., 1960). Perhaps this is 
based on the fact that the band regions stain much more 
darkly with the Feulgen reagent. Steffensen (1963) obtained 
experimental evidence with quantitative autoradiography 
which supports the above argument. Swift (1962) reported, 
however, that the interband did contain DNA and was able to 
demonstrate this with a highly sensitive azure A-Feulgen 
technique. 
It is difficult to support or deny the argument for DNA 
in the interband regions from the results obtained from the 
present investigation. Some fibrils were seen in these 
regions which stained with silver and others appeared un­
stained. A thin section represents only a small sample of 
the total thickness of the chromosome. Therefore, unless 
the interband fibrils were uniformly distributed between 
bands, some sections would have fewer fibrils than others. 
There was evidence which suggested that many of the interband 
fibrils existed in "bundles" of varying sizes, which appeared 
to bridge the band regions together (Figs. 21 and 22). The 
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fibrils were darkly stained in many of these bridges„ The 
existence of these fibrils may account for the Feulgen-
positive staining of the interband regions reported by 
Swift (1962). 
The nature of the interband material cannot be fully 
determined at the present time. The question of whether or 
not DNA actually exists in these regions must await the 
improvement of more quantitative procedures for high resolu­
tion studies. On the basis of this study, it is possible to 
say that interband fibrils exist which are not DNA positive 
by silver-aldehyde staining. These fibrils are either com­
posed of non-DNA material or contain a DNA fraction which is 
in some way resistant such that free aldehydes are not pro­
duced following the present method of acid hydrolysis. 
In previous studies, a wide range of diameters has been 
given to the fibrils that make up the polytene chromosome. 
The variation in diameters is probably a function of the 
fixation procedures. This was demonstrated in the present 
study by the fact that the unstained fibrils of formalin-
fixed chromosomes measured 200-A in diameter while those 
which were fixed in osmium tetroxide measured 40 and 100-A. 
Following silver-aldehyde staining of osmium tetroxide-
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fixed chromosomes, more 40-A fibrils were evident than in 
unstained preparations. In some cases, the 100-A fibrils 
appeared to be composed of a pair of coiled 40-A fibrils. 
Perhaps this was due to disruption of the larger fibrils by 
acid hydrolysis into smaller 40-A sub-units. Ris (1961) 
found that the 100-A fibrils of calf thymus nuclei were 
disrupted into paired 40-A sub-units following mild hydrol­
ysis in 0.2N HCl. When the 200-A fibrils of formalin-fixed 
chromosomes were stained, by the silver-aldehyde reaction, 
they appeared to be composed of from two to four 40-A sub-
units (Fig. 15). Thus, the evidence obtained in the present 
investigation supports the statements by Ris (1961, 1962) 
that the basic morphological unit of the chromosome consists 
of a 100-A fibril which in turn, is composed of a pair of 
40-A sub-fibrils. 
The Balbiani rings of the polytene chromosomes offer a 
rare opportunity to observe chromosomal differentiation at a 
single genetic locus. These structures develop from a single 
band of the polytene chromosome and are characterized by a 
net increase in RNA and non-histone protein. The DNA and 
histone concentrations, on the other hand, remain constant 
throughout the development (Beermann, 1957, Swift, 1962). 
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The adenine/uracil ratio of the RNA fraction of the Balbiani 
rings of Chironomus has been shown to differ from that of the 
RNA of both the nucleolus and the cytoplasm (EdStrom and 
Beermann, 1962). In fact, each of the three Balbiani rings 
of the fourth salivary gland chromosome contain distinctly 
different fractions of RNA as determined by RNA base-ratio 
analysis. The concurrent accumulation of specific RNA and 
non-histone protein in the Balbiani ring would suggest a 
high level of protein synthesis at these sites. On the 
other hand, there is evidence that non-histone protein may be 
synthesized in the cytoplasm and transported to these regions 
to serve as RNA-polymerase enzymes (Beermann, 1962). If 
indeed protein synthesis does occur in the Balbiani ring, 
it is possible that the cluster of 100-120-A particles 
described for the first time in the present study, represent 
ribosomes or perhaps clusters of ribosomes (polysomes) that 
function in the synthesis of these proteins. Additional 
experiments are now being planned to elucidate the compo­
sition and function of these interesting particles. 
Interphase nuclei 
The observable integrity of the chromosome as it is 
known in the dividing cell is lost in the interphase nucleus. 
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In electron micrographs, the chromatin appears as a dispersed 
meshwork of small fibrils similar to those seen in the band 
regions of polytene chromosomes. The possibility that chromo­
some fibrils are transformed from a condensed mass seen in 
mitotic chromosomes, to a dispersed network in the interphase 
nucleus is supported by several lines of experimental and 
observational evidence. Spitnik _et al. (1955) described 
their isolated deoxyribonucleoprotein (DNP) fraction as 
being a "three dimensional crosslinked network". Frequent 
i 
contact points or crossings of fibrils were described in • 
isolated DNP molecules by Stoeckenius (1961). Yasuzumi 
(1960) has clearly shown the chromatin of nucleated red blood 
cells to be a net-like reticulum. A similar reticulum was 
described by Hay and Revel (1963) in the interphase nuclei 
of the cells of the regenerating salamander limb. The 100-A 
fibrils of the "reticular gel" described by these authors, 
O 
were shown to actively incorporate H -labeled thymidine. 
A similar reticulum of fine silver-stained fibrils has been 
reported in the present investigation. Although some of 
these fibrils measured 100-A in diameter, many of them could 
be seen to consist of a pair of loosely coiled 40-A fibrils. 
Again, the fact that more 40-A fibrils were seen in silver-
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aldehyde stained nuclei than reported in previous studies may 
be due to the effects of hydrolysis on the 100-A fibrils. 
It is difficult to state with certainty that the fibrils 
of the interphase nuclei are actually crosslinked. The points 
of apparent crosslinkages may merely by the superimposition 
of one fibril upon another. Hay and Revel (1963) however, 
believe that the fibrils are actually linked by salt bonds 
at short intervals. The interstices of the chromatin mesh-
work seen in silver-aldehyde stained chromatin were con­
siderably larger than those shown by Hay and Revel. There­
fore, if the integrity of the meshwork does depend upon salt 
bonding it would be possible that many of such bonds would 
be disrupted following acid hydrolysis, resulting in a much 
larger meshwork with wider interstices. On the other hand, 
the differences in the sizes of the meshwork may be due to 
variations in chromatin patterns of the different cell types. 
No apparent morphological distinction could be made 
between the fibrils seen in the condensed heterochromatin 
regions of the nuclei and those of the more diffuse 
"euchromatic" areas. The increased density of the hetero-
chromatic areas was apparently due to the greater packing 
of fibrils. 
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Chromosomes of dividing cells 
The silver-aldehyde staining reaction has shown that 
both mitotic and meiotic chromosomes consist of 40 and 100-A 
fibrils. The multistranded or "polynemic" description of the 
chromosome is not novel to electron microscopy (Kaufmann e_t 
al.. 1960). In 1957, Nebel observed 40-A fibrils in the 
early spermatozoa of the iceryne coccid Steatococcus tuber­
culatum and concluded that the prophase chromosome consisted 
of 64 such fibrils. Similar conclusions were reached by Ris 
(1957) and Kaufmann et al. (1960) concerning the structure of 
various plant chromosomes. Ris (1961) stated that: 
"A leptotene chromosome (of Tradescantia) is made up 
of submicroscopic fibrils. The smallest fibril 
resolved ... is about 200-A thick. Each fibril is 
individually coiled. The chromosome is subdivided 
into two bundles (the chromatids), each consisting 
of approximately eight,fibrils." 
In thinner sections of the same type of chromosome, he was 
able to resolve 100-A fibrils which he termed "elementary 
chromosome fibrils". 
It was impossible to determine thé number of fibrils 
seen in silver stained mitotic chromosomes of the European 
corn borer. However, in those chromosomes examined, no 
visible chromatids were seen. 
The meiotic prophase chromosomes of the European corn 
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borer were found to be similar in structure to those des­
cribed in the spermatocyte of the crayfish (Moses, 1956), 
the rooster (Coleman and Moses, 1963), and the pigeon (Nebel 
and Coulon, 1962). As a result of silver-aldehyde staining, 
the structure of the lateral component and lateral loops was 
perhaps, more clearly resolved than those reported in 
previous studies. The fact that silver staining was confined 
to the lateral loops and the lateral components of the com­
plex suggests that these structures contain DNA. Similar 
conclusions were reached by Coleman and Moses (1963) in 
regard to the synaptinemal complex of the rooster stained 
with indium. In their experiments, the staining was in­
hibited in these structures following DNase digestion. 
These authors found that indium failed to stain the central 
! 
axial element either before or after DNase digestion. The 
axial element was also not evident following silver-aldehyde 
staining in the present study. 
The evidence obtained in the present investigation 
would appear to offer some support for the synaptinema1-
complex model proposed by Nebel and Coulon (1962). Each 
lateral component appears to be bipartite and perhaps rep­
resents sister chromatids (a pair in each component). The 
65 
lateral components and the lateral loops all appear to be DNP 
fibrils of similar dimensions. The loops project laterally 
from the long axis of the complex and appear to be attached 
at regular intervals along the lateral components. The mid­
axial space does not stain with either silver or indium and 
probably does hot contain DNA. 
Meiotic prophase chromosomes are probably the exception 
rather than the rule as far as chromosome structure is con­
cerned. As yet, no such structures have been seen in chromo­
somes of any other stage of cell division. The synaptinemal 
complex apparently represents a modification necessary for 
synapsis and genetic exchange between homologous chromosomes. 
The four elements of the lateral components possibly provide 
the structures necessary for four-strand crossing over. The 
relationship of the lateral loops to crossing over remains 
obscure. The "core" or midaxial space represents the pair­
ing surfaces of the homologous chromosomes and it is not 
unreasonable to assume that the material comprising this 
space may be involved in the attraction and bonding together 
of the homologs. 
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The organization of the chromosome 
While there is a considerable amount of information in 
regard to the structure of DNA, RNA, and proteins, little is 
known about how these components are organized in the chromo­
some. Most of the theories concerning chromosome structure 
have come from genetic and light microscope evidence (for 
review, see Swift, 1962). It is difficult to correlate the 
genetic evidence, which speaks for a highly ordered array of 
genes in the chromosome, with the image seen in electron 
micrographs of meiotic, mitotic, and interphase chromosomes. 
The genetic organization must reside somewhere in the molecu­
lar framework of the 40 and 100-A fibrillar meshwork. 
The DNA helix alone measures 20-A in diameter (Ris, 
1961). Isolated nucleohistone macromolecules have been 
reported to be 30 to 35-A thick (Zubay and Doty, 1959). 
These represent one Watson-Crick DNA helix surrounded by 
histone protein. The available evidence suggests that the 
histone is bound to the phosphate groups of DNA running in 
the grooves of the double helix (Wilkins, 1956). 
Ris (1962) has evidence that the 100-A fibrils con­
sistently seen in thin sections of chromosomes represent two 
nucleohistone strands. By treating 100-A chromatin fibrils 
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with 0.2 N HCl, he was able to separate the 100-A units into 
two 40-A subfibrils. Similar fibrils were consistently seen 
in the present study following silver-aldehyde staining. Ris 
concluded that the 40-A fibrils contained a single nucleo­
histone strand and that the paired fibrils were held together 
by bonds between the histone proteins. He obtained addi­
tional evidence for this hypothesis by examining the chromatin 
of late spermatids of the octopus. The histone protein of 
this organism is known to be converted into a more basic 
protamine-type protein during spermiogenesis. The fact that 
he saw only 40-A fibrils in the spermatids suggested that 
the bonds were broken between the paired units as a result 
I 
of the protein transition. 
^ The numerous 40-A fibrils consistently seen in a variety 
of chromosomes stained by the silver-aldehyde procedure may 
have resulted from the disruption of the 100-A fibrils by the 
acid hydrolysis step. Evidence for this is found in un-
hydrolyzed chromosomes which appear to contain mostly 100-A 
fibrils (Figs. 3, 6, and 7). 
The question of how the 100-A fibrils are arranged into 
a functional chromosome is difficult to answer from the study 
of thin sections with the electron microscope. On the basis 
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of labeling experiments and breakage and rejoining phenomena, 
the chromosome is functionally bipartite ; becoming quadri­
partite prior to cell division. Furthermore, the labeling 
experiments of Taylor (1957) suggest that the DNA of the 
chromosome is replicated semi-conservatively such that the 
"old" DNA gives rise to "new" DNA prior to chromosomal 
division. Cytogenetic experiments suggest that the genetic 
material is arranged in a linear fashion along the chromosome. 
It might be argued on this basis that the chromosome consisted 
of a single Watson-Crick DNA helix extending the length of 
the chromosome. However, quantitative studies have shown 
that more DNA exists in a single chromosome than could pos­
sibly be accounted for by a single DNA helix. Consequently, 
there have been a number of chromosome models proposed to 
account for these phenomena. 
One of the most popular chromosome models is that of 
Taylor (1957) in which the DNP fibrils are illustrated as 
extending laterally from a central protein "core" or "back­
bone". The electron micrographs taken in the present in­
vestigation do not support such a model. The only instance 
where DNP fibrils appear to extend laterally from a "core" 
is in jthe synaptinemal complex and it has already been 
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pointed out that such structures are probably the exception 
rather than the rule in regard to general chromosome struc­
ture. Therefore, it seems unsafe to cite such examples as 
morphological support for a "protein backbone" model. 
On the basis of the present investigation and previous 
electron microscope studies of chromosome structure, it is 
concluded that the chromosome consists of a mass of 100-A 
fibrils each of which are made up of 40-A sub-fibrils^ The 
two functional divisions seen at the light microscope level 
must each consist of a multistranded mass of 100-A fibrils. 
Whether or not this mass is composed of a single highly 
folded fibril or many individual fibrils cannot be deter­
mined at the present time. Prior to chromosomal division, 
the DNP fibril or fibrils duplicate ; thus, the functional 
bipartite structure gives rise to a quadripartite chromosome. 
I 
The coiling and divisions which would now be visible under 
the light microscope would not be apparent in thin sections 
examined with the electron microscope. The latter would 
only show a mass of 100-A fibrils. 
The relationship of chromosomal RNA and nonhistone 
protein was not readily evident in the present study. Ris 
(1962) has evidence that the non-histone protein is inter­
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calated along the 40-A nucleohistone fibril. Since the 
fibrils of interphase nuclei are uniformly stained with 
silver in the present study, such non-histone segments must, 
if they exist, be very short. On the other hand, the non-
staining fibrils seen in the interbands of polytene chromo­
somes may be segments of non-histone protein. If this 
assumption is true, why are similar segments not seen in 
the fibrils of interphase nuclei? The answer may be in the 
nature of the interband fibril itself. Beermann (1957) has 
reported that the elements of the polytene chromosome increase 
in length some ten times over that of the interphase nuclei. 
Perhaps some of the increase is due to the lengthening of the 
nonhistone segments. 
In summary, the evidence accumulated in the present 
study suggests that the basic morphological unit of the 
chromosome is a 100-A fibril. The 100-A fibril is in turn 
composed of a pair of nucleohistone strands which when 
separated, appear as 40-A fibrils. A single highly folded 
100-A fibril or a mass of such fibrils make up the larger 
functional units seen at the light microscope level. 
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SUMMARY 
A Feulgen-type staining technique has been developed for 
the localization of DNA with the electron microscope. 
The specificity of the reaction was demonstrated by (a) 
the lack of staining in unhydrolyzed controls, (b) the 
reduction of silver staining in chromosome bands fol­
lowing DNase digestion, and (c) the fact that silver 
staining was, in most cases, confined to those areas 
which were shown to be Feulgen positive with the bright 
field microscope. 
The staining technique developed in the present investi­
gation differed from all previous "silver-Feulgen" 
procedures in both the preparation of the staining 
reagent and the method of tissue preparation prior to 
staining. 
The technique, as developed, was applied to the study 
of the fine structure of polytene chromosomes of 
Drosofthila melanogaster Meigen, Chironomus decorus 
Johannsen, the interphase nuclei of various tissues of 
the mouse, and the chromosomes of the European corn 
borer, Ostrinia nebilalis (Hubner). 
The multistranded nature of polytene chromosomes was 
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clearly demonstrated following silver-aldehyde staining. 
The band regions of the chromosomes were found to con­
sist of numerous short lengths of 40-A fibrils. Occa­
sionally, a pair of 40-A fibrils appeared coiled about 
each other forming an apparent 100-A structure. Al­
though most of the silver staining was confined to the 
band regions, a few silver-stained fibrils were seen in 
the interband areas. 
Silver stained sections of the fourth salivary gland 
chromosome revealed numerous 30 m|_i particles associated 
with the Balbiani ring. Under higher magnification, 
these particles appeared to be composed of even smaller 
structures which measured 100 - 120-A in diameter. The 
possible relationship of these particles to the activity 
of Balbiani rings is discussed. 
The chromatin of the interphase nuclei of somatic cells, 
primordial germ cells, and spermatids appeared to con­
sist of a fine meshwork of silver-stained fibrils. 
These fibrils measured 100-A in diameter and could often 
be seen to consist of a pair of 40-A sub-fibrils. 
The mitotic chromosomes examined also appeared to be 
composed of a multistranded reticulum of 40 and 100-A 
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fibrils similar to those seen in polytene chromosome 
bands and chromatin of interphase nuclei. 
8. The structures of the synaptinemal complex of the 
European corn borer were described. The fibrillar 
nature of the so-called lateral loops was more evident 
following silver-aldehyde staining than in unstained or 
uranyl acetate stained preparations. The fibrils 
measured 100-A in diameter and under higher magnifica­
tion appeared to be composed of a pair of 40-A sub-
fibrils. The lateral components were also stained with 
the silver reagent. The midaxial space between the 
lateral components appeared homogeneous and was not 
stained with the silver reagent. 
9. In all nuclei examined, the basic morphological unit 
appeared to be a 100-A fibril which was itself, composed 
of a pair of 40-A sub-fibrils. The relationship between 
the basic morphological units seen in electron micro­
graphs and the possible organization of the chromosome 
is discussed. 
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APPENDIX 
Fig. 1. A portion of a salivary gland chromosome of 
Chironomus decorus showing a discrete banding 
pattern which is evident in osmium tetroxide 
fixed, unstained preparations. Magnification 
8,050 X 
Fig. 2. Higher magnification of the area outlined in 
white in Fig. 1. Note the dense granular 
appearance of the band regions. Magnification 
43,700 X 
Fig. 3. A band of a polytene chromosome following 
osmium tetroxide fixation and exposure to the 
silver reagent without prior hydrolysis. 
Magnification 52,800 X 
Fig. 4. A section showing a portion of the nuclear 
envelope and cytoplasm of a Chironomus salivary 
gland cell which has been treated as in Fig. 3. 
Note the accumulation of silver grains around 
the nuclear pores (NP) and the endoplasmic 
reticulum (ER). Magnification 37,840 X 
I 
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A portion of a salivary gland chromosome of 
Drosophila melanogaster which has been fixed 
in osmium tetroxide, hydrolyzed in IN HCl, and 
stained with the silver reagent. A pair of 
arrows in the upper-half of the micrograph 
denote a 100-A fibril which is delineated by 
silver particles. The arrow in the lower-
right corner of the picture indicates a single 
40-A fibril. Magnification 74,400 X 
Bands of Chironomus salivary gland chromosome 
which have been treated with hydrogen peroxide 
following osmium tetroxide fixation. The con­
trast in the bands is reduced and the fibrils 
(arrows) are more evident than in untreated 
sections. Magnification 73,800 X 
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Fig. 7. A band of a polytene chromosome of Chironomus 
which has been fixed in osmium tetroxide, 
treated with hydrogen peroxide and hydrolyzed 
in IN HCl'. Note that acid hydrolysis does 
not appear to induce artifact in chromosome 
structure. Magnification 35,200 X 
Fig. 8. A portion of a salivary gland chromosome which 
has been fixed in osmium tetroxide, treated 
with acidified hydrogen peroxide and stained 
with the silver reagent. Although this section 
was not subjected to the acid hydrolysis step, 
silver staining is evident in the chromosome 
fibrils. Magnification 61,500 X 
Fig. 9. A portion of a salivary gland chromosome which 
has been treated exactly as that in Fig. 8, but 
with non-acidic peroxide. The lack of staining 
in this unhydrolyzed control suggests that 
staining seen in Fig. 8 was due to the hydrolyz-
ing effect of the acidified hydrogen peroxide. 
Magnification 35,200 X 
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Fig. 10. A section through a salivary gland nucleus of 
Chironomus showing a portion of a chromosome 
which has been stained by the complete silver-
aldehyde procedure. Magnification 6,150 X 
Fig. 11. Higher magnification of the three central bands 
seen in Fig. 10. Note the fine silver grains 
which delineate the 100 and 40-A fibrils of 
the bands. Magnification 49,200 X 
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Fig. 12. A portion of a salivary gland cell of 
Chironomus which has been stained by the 
complete silver-aldehyde procedure. Note the 
lack of silver staining around the nuclear 
pores (NP), endoplasmic reticulum (ER) and 
mitochondria (M). Magnification 28,700 X 
Fig. 13. A portion of an unstained Drosophila salivary 
gland chromosome which has been fixed in 10% 
formalin. The fibrils indicated by the arrows 
measure 2OO-A in diameter. The structure seen 
on the left side of the picture is the nuclear 
envelope (NE). Magnification 51,700 X 
Fig. 14. A section similar to that in Fig. 13 which has 
been exposed to the silver reagent without 1 
prior hydrolysis. Arrows indicate large 200-A 
fibrils. Magnification 51,700 X 
Fig. 15. A section similar to that in Fig. 13 which has 
been hydrolyzed and stained with the silver 
reagent. The arrows indicate the large 200-A 
fibrils which now appear to be composed of 
smaller silver stained 40-A sub-fibrils. 
Magnification 51,700 X 
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Fig. 16. A portion of a Chironomus polytene chromosome 
which has been stained with the complete 
silver-aldehyde procedure following DNase 
digestion. Brackets indicate residual bands. 
Although some fibrils are evident, silver 
staining is reduced. Magnification 35,960 X 
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Fig. 17. An unstained Drosophila salivary gland nucleus 
which has been fixed in osmium tetroxide. The 
density is greatest in the nucleolus (NU), 
intermediate in the chromosome bands, and least 
in the interbands and nucleoplasm. Magnification 
8,050 X 
Fig. 18. A nucleus similar to that in Fig. 17 which has 
been stained by the silver-aldehyde procedure. 
The density of the nucleoli (NU) is reduced 
and the bands of the chromosomes are more 
evident than in the stained section. Note the 
large nuclear bleb (B) on the right side of 
the picture. Magnification 8,050 X 
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Fig. 19. A portion of a silver-aldehyde stained 
Drosophila salivary gland chromosome. The bands 
are characterized by numerous darkly-stained 
fibrils. The arrows point to a pair of 40-A 
fibrils which appear to be loosely coiled to­
gether forming a 100-A fibril. Magnification 
57,810 X 
Fig. 20. A higher magnification of the area outlined in 
white in Fig. 19. Single arrow points to a 
40-A fibril ; the pair of arrows in the lower-
half of the picture point to an apparent 100-A 
fibril. Magnification 203,000 X i 
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Fig. 21. A portion of a salivary gland chromosome of 
Drosophila stained by the silver-aldehyde 
procedure. The interband regions contain 
fibrils (IBF) similar in dimension to those 
of the band regions but unstained by the 
silver reagent. Bundles of silver stained 
fibrils (BD) are seen extending across the 
interband region. The nuclear envelope (NE) 
is seen in the upper-left corner of the 
picture. Magnification 73,800 X 
Fig. 22. A portion of a chromosome similar to that in 
Fig. 21, showing more of the interband 
"bridges" (BD). Two bands which did not 
stain as darkly with the silver reagent as 
adjacent bands are outlined in white. 
Magnification 59,200 X 
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Fig. 23. A portion of the fourth salivary gland chromo­
some (CR) of Ç. decorus which has been stained 
by the silver-aldehyde procedure. A "puff" or 
Balbiani ring (BR) is seen near the end of the 
chromosome. The large structure at the end of 
the chromosome is the nucleolus (NU). Magnifi­
cation 8,050 X 
Fig. 24. A higher magnification of the Balbiani ring seen 
in Fig. 23. The reticular material scattered 
throughout the puff appears to be fibrillar in 
nature. Numerous darkly stained particles which 
measure approximately 30 m|_i in diameter are seen 
associated with the reticular material. Magnifi­
cation 23,200 X 
Fig. 25. A higher magnification of the area circled in 
white in Fig. 24. The 30 mp. particles appear 
to be composed of smaller particles. The 
arrow indicates a 100-A fibril attached to a 
particle. Magnification 92,800 X 
Fig. 26. A higher magnification of the area outlined by 
the white square in Fig. 24. The arrows point 
to a pair of 40-A fibrils which appear to be 
attached to a large particle. Note the light 
"core" in one of the 30 np particles. Mag­
nification 92,800 X 
I 
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Fig. 27. A somatic cell of the mouse testis which has 
been stained by the silver-aldehyde procedure. 
The arrows indicate dense areas of the nucleus 
( which are thought to be heterochromatin. 
Magnification 6,400 X 
Fig. 28. A higher magnification of an area inside the 
nucleus seen in Fig. 27. The arrows indicate 
a pair of 40-A fibrils. Magnification 
60,000 X 
Fig. 29. A higher magnification of some of the fibrils 
seen in Fig. 28. The arrows point to a pair 
of 40-A fibrils. Magnification 200,000 X 
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A survey micrograph of a primordial germ cell 
from the gonad of an 11 day mouse fetus. The 
osmium had not been sufficiently removed from 
Jzhe section, thus the heavy staining of the 
mitochondria (M). Magnification 10,350 X 
A high magnification of the area within the 
white circle in Fig. 30. The arrows point to 
100-A fibrils. Magnification 150,000 X 
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Fig. 32. A survey micrograph of developing mouse 
spermatids which have been stained by the 
silver-aldehyde procedure. Magnification 
8,160 X 
Fig. 33. A higher magnification of a spermatid nucleus 
showing a meshwork of fine silver-stained 
fibrils. The arrows indicate 100-A fibrils 
which appear to be composed of a pair of 40-A 
sub-fibrils. Magnification 37,000 X 
I 
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Fig. 34. Mitotic prophase chromosomes of the European 
corn borer Ostinia nebilalis which have been 
stained by the silver-aldehyde procedure. 
Magnification 52,800 X 
Fig. 35. Unstained mitotic prophase chromosomes of the 
European corn borer which have been fixed in 
osmium tetroxide, treated with hydrogen 
peroxide, and hydrolyzed in IN HCl. Mag­
nification 72,000 X 
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Mitotic anaphase chromosomes (CR) of the corn 
borer which have been stained with the silver-
aldehyde procedure. The mitotic spindle is 
not preserved by the procedure. The arrow 
indicates chromatin-like material between the 
separating chromosomes. Magnification 26,400 X 
A higher magnification of a portion of the 
anaphase chromosomes seen in Fig. 36. The 
chromosomes appear to be composed of a mesh-
work of 40-A fibrils (arrows) similar to that 
seen in interphase nuclei (compare with Figs. 
28 and 33). Magnification 66,000 X 
Ill 
Fig. 38. Meiotic prophase chromosomes (synaptinemal 
complex) of the corn borer stained by the 
silver-aldehyde procedure. Staining is 
confined to the fibrinous lateral com­
ponents (LC) and the lateral loops (L). 
The midaxial space (MS) appears homogenous. 
Magnification 81,000 X 
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An unstained synaptinemal complex which has 
been fixed in osmium tetroxide, treated with 
hydrogen peroxide, and hydrolyzed in IN HCl. 
The lateral components and lateral loops are 
not as distinct as they appear following 
silver-aldehyde staining (compare with Fig. 
38). The midaxial line (ML) is evident in 
the midaxial space. Magnification 44,000 X 
A uranyl acetate-stained synaptinemal complex 
of the corn borer. The fine structure seen 
in the lateral components and lateral loops 
is not as well preserved as in silver aldehyde 
stained sections. The nuclear envelope (NE) 
is seen on the left side of the picture. 
Magnification 48,000 X 
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